Background: Raltegravir 1200mg (2·600mg tablets) once daily (QD) demonstrated noninferior efficacy and similar safety to raltegravir 400mg twice daily (BID) at week 48 of the ONCEMRK trial. Here, we report the week 96 results from this study.
INTRODUCTION
Raltegravir 400 mg twice daily (BID), the first integrase strand transfer inhibitor (INSTI) approved for the treatment of HIV-1 infection, has a well-established safety and efficacy profile in treatment-naive and treatment-experienced patients. [1] [2] [3] [4] A once-daily formulation of raltegravir 1200 mg (2 · 600 mg tablets) has been developed and has the potential to improve treatment adherence and satisfy patient preference for a once-daily regimen. [5] [6] [7] [8] This new formulation is approved for use in combination with other antiretroviral agents for previously untreated HIV-1 infection in adults and in children weighing $40 kg. 9 In the ONCEMRK phase 3 trial, raltegravir 1200 mg once daily (QD) showed noninferior efficacy to raltegravir 400 mg BID, with 88.9% and 88.3% of participants, respectively, achieving HIV-1 RNA ,40 copies per milliliter at week 48. 10 In addition, the immunologic efficacy and overall safety profile of raltegravir QD were similar to those of raltegravir BID at week 48. Here, we report the long-term efficacy and safety of raltegravir 1200 mg QD compared with raltegravir 400 mg BID through week 96 of the ONCEMRK trial.
METHODS

Study Design
ONCEMRK (MK-0518 Protocol 292; ClinicalTrials. gov NCT02131233) was a double-blind, randomized, parallel group, noninferiority study comparing raltegravir 1200 mg QD with raltegravir 400 mg BID, each given with a fixed combination of emtricitabine 200 mg and tenofovir disoproxil fumarate 300 mg (FTC/TDF). The study was conducted according to Good Clinical Practice requirements and applicable statutes and regulations regarding the protection of human participants in biomedical research. An Independent Ethics Committee for each study site reviewed and approved the protocol, and the participants provided written informed consent before any study procedures were performed.
Adults ($18 years of age) with screening HIV-1 RNA $1000 copies per milliliter and no previous antiretroviral therapy for treatment of HIV-1 infection were eligible for the study. Exclusion criteria included documented or known resistance to any of the study regimen components and acute hepatitis or active infections other than chronic hepatitis B or C infection. Participants were randomly assigned (2:1) to raltegravir 1200 mg QD or 400 mg BID, each in combination with open-label FTC/TDF (TRUVADA; Gilead Sciences, Inc., Carrigtohill, County Cork, Ireland) for up to 96 weeks. Randomization was stratified by screening HIV-1 RNA (#100,000 or .100,000 copies per milliliter) and hepatitis B/C coinfection (yes or no). To conceal the treatment group assignment, participants also received placebo tablets matching the alternate treatment. Participants, study site investigators and staff, and sponsor personnel responsible for monitoring the study remained unaware of the treatment group assignments until the week 96 database lock.
Procedures
Plasma HIV-1 RNA levels were measured by the central laboratory using the Abbott RealTime HIV-1 Assay (lower limit of quantification 40 copies per milliliter). Protocol-defined virologic failure (PDVF) was used to identify participants for viral resistance testing. PDVF consisted of nonresponse (participant did not achieve HIV-1 RNA ,40 copies per milliliter by week 24) or rebound (after initial response of HIV-1 RNA ,40 copies per millliliter, participant had 2 consecutive measurements of HIV-1 RNA $40 copies per milliliter at least 1 week apart). Resistance testing was performed by Monogram Biosciences Inc. using the following assays: PhenoSense GT, PhenoSense Integrase, and either GeneSeq Integrase or GenoSure Integrase; all assays required samples with HIV-1 RNA $500 copies per milliliter.
CD4 + T-cell counts were measured at weeks 24, 48, 72, and 96 by the central laboratory according to standard procedures. All clinical adverse events were evaluated for maximum intensity, seriousness, relationship to test drugs, and association with immune reconstitution syndrome. All protocol-required laboratory values were graded according to the Division of AIDS criteria. 11 Participants completed a daily medication diary that was reviewed by site personnel at each study visit. A day within the study was counted as "on therapy" if at least 1 tablet of any study medication was taken. Treatment compliance was calculated from the number of days on therapy as recorded in the medication diary (actual/planned · 100). For participants who were compliant with therapy but had HIV-1 RNA .200 copies per milliliter (on 2 consecutive measurements taken at least 1 week apart) on or after week 24 or after previously achieving HIV-1 RNA ,40 copies per milliliter, the protocol recommended that discontinuation of study therapy should be considered by the study investigator.
Statistical Analysis
The primary efficacy end point for this trial was assessed at week 48 and has been previously reported. 10 This report presents additional data to evaluate the secondary hypothesis that raltegravir 1200 mg QD is noninferior to raltegravir 400 mg BID, each in combination with TDF/FTC, as assessed by the proportion of participants achieving HIV-1 RNA ,40 copies per milliliter at week 96. A margin of 10 percentage points was used to assess noninferiority. The week 96 hypothesis was tested sequentially after the week 48 hypothesis was successfully met; therefore, the overall type I error was controlled at one-sided 2.5% alpha level.
The efficacy analyses used the Full Analysis Set population, defined as all randomized participants who received at least 1 dose of study treatment, with participants included in the treatment group to which they were randomized. SAS version 9.3 or 9.4 was used for all analyses.
For the analysis of the proportion of participants with HIV-1 RNA ,40 copies per milliliter, all missing data were treated as failures regardless of the reason, including early discontinuation of study therapy (Food and Drug Administration snapshot approach). The difference in proportions between treatment groups and the associated 95% confidence interval (CI) were calculated by the stratum-adjusted Mantel-Haenszel method. A supportive analysis of the proportion of participants with HIV-1 RNA ,50 copies per milliliter was also performed using the methods described above.
For the analysis of change from baseline in CD4 + T-cell counts, missing data were handled with the Observed Failure (OF) approach. Baseline values were carried forward for participants who discontinued the assigned therapy because of lack of efficacy and for those who discontinued for non-treatment-related reasons and had HIV-1 RNA $40 copies per milliliter; participants with missing data for other reasons were excluded.
To evaluate the consistency of treatment effects, the virologic and immunologic end points were estimated within subgroups based on a variety of prognostic and demographic factors using the OF approach (see above); no hypothesis testing was performed within or between subgroups. The OF approach was used because it focuses on the impact of the antiretroviral treatment, whereas the snapshot approach considers the impact of treatment and non-treatment-related factors.
The safety analyses used the all-participants-as-treated population, which consists of all randomized participants who received at least 1 dose of study treatment and includes participants in the treatment group for the regimen they actually received. Adverse events that occurred after randomization and were reported through the week 96 window were included in the analyses. Adverse event terms from the Medical Dictionary for Regulatory Activities (Version 18.1) were used. For laboratory changes occurring in $1% of the participants in either treatment group, between-treatment differences (and 95% CI) were calculated using the Miettinen and Nurminen method. 12 
RESULTS
Of the 802 randomized participants, 797 received study therapy and were included in the efficacy and safety analyses.
Baseline characteristics of the participants were similar between the treatment groups (see Table, Supplemental Digital Content 1, http://links.lww.com/QAI/B166). Mean age of the study population was 35.9 years, and 85% of the participants were men. Mean HIV-1 RNA was 4.6 log 10 copies per milliliter, and 28% of participants had .100,000 Raltegravir 1200 mg QD and 400 mg BID were administered with FTC/TDF. *Includes participants who changed any component of background therapy to a new drug class, to components not permitted per protocol, or because of lack of efficacy before week 96; participants who discontinued before week 96 because of lack or loss of efficacy; and participants with HIV-1 RNA $40 copies per milliliter in the week 96 window (relative day 631-714).
†Other reasons include the following: lost to follow-up, noncompliance with the study drug, physician decision, pregnancy, and withdrawal by the subject.
OF, Observed Failure approach; NC=F, Non-Completer equals Failure approach (as defined by FDA snapshot algorithm). copies per milliliter; mean CD4 + T-cell count was 415/mm 3 and 13% had ,200/mm 3 . A total of 64 participants (12.0%) from the raltegravir QD group and 39 (14.5%) from the raltegravir BID group discontinued early without completing the study. The most common reasons for discontinuation were lost to follow-up and withdrawal by the subject (Fig.1) . Treatment compliance was high overall: 97.2% of QD recipients and 95.9% of BID recipients were at least 90% compliant with study therapy.
Efficacy
At week 96, HIV-1 RNA ,40 copies per milliliter was achieved by 81.5% (433/531) of the participants who received raltegravir 1200 mg QD and by 80.1% (213/266) of those who received raltegravir 400 mg BID (Fig.2 ). The treatment difference was 1.4%, with an associated 95% CI of 24.4 to 7.3, demonstrating noninferiority of raltegravir 1200 mg QD to raltegravir 400 mg BID. Other virologic outcomes were comparable between the treatment groups: 9.2% of the QD group and 8.3% of the BID group had HIV-1 RNA $40 copies per milliliter, whereas 9.2% and 11.7%, respectively, had no virologic data at week 96 (Table 1) .
Similar efficacy also was demonstrated between raltegravir QD and raltegravir BID on the supportive endpoint of virologic response defined as HIV-1 RNA ,50 copies per milliliter (82.7% vs 80.8%). The mean change from baseline in CD4 + T-cell count was 262 cells/mm 3 in both treatment groups, with a treatment difference (95% CI) of 20.6 (232.8 to 31.6).
In the subgroup analyses, raltegravir 1200 mg QD showed durable antiretroviral and immunologic efficacy comparable to that observed with raltegravir 400 mg BID, regardless of prognostic and demographic factors (Fig.3) . Participants with high baseline viral load (.100,000 copies per milliliter) showed similar robust virologic responses at week 96 in both the QD and BID treatment groups (HIV-1 RNA ,40 copies per milliliter achieved in 84.7% and 82.9%, respectively), as well as similar increases in CD4 + T-cell counts (297 and 281 cells/mm 3 , respectively).
By week 96, a total of 77 participants met the PDVF criteria for nonresponse or rebound, 9.6% (51/531) of the raltegravir QD group and 9.8% (26/266) of the raltegravir BID group, with 23 cases (15 QD; 8 BID) occurring after week 48. Most (92.2%) participants with PDVF were at least 90% compliant with study therapy. A substantial number of participants who met the PDVF criteria remained on study therapy (at the investigator's discretion, as allowed by the protocol) and achieved HIV-1 RNA ,40 copies per milliliter at week 96: 45.1% (23/51) in the QD group and 57.7% (15/26) in the BID group.
Most participants with PDVF had low-level viremia, and only 25 (17 QD, 8 BID) could be tested for viral drug 2/9 (22.2) 0/6 (0.0) *PDVF: nonresponse (did not achieve HIV-1 RNA ,40 copies per milliliter by week 24) or rebound (HIV-1 RNA $40 copies per milliliter after initial response of HIV-1 RNA ,40 copies per milliliter and confirmed at least 1 week later).
†Resistance testing required blood sample with HIV-1 RNA at least 500 copies per milliliter (threshold of the assay).
‡Time of resistance testing was affected by availability of a sample with sufficient HIV-1 RNA. resistance because of the assay threshold of HIV-1 RNA $500 copies per milliliter ( Table 2 ). Viral resistance to INSTI and nucleoside reverse transcriptase inhibitor (NRTI) occurred in 0.8% of each treatment group (4/531 QD, 2/266 BID), and NRTI resistance alone occurred in 0.4% of each group (2/531 QD; 1/266 BID). The profile of INSTI resistance mutations included integrase N155H, V151I, L74M, E92Q, and I203M. Five of the 6 participants who developed resistance to raltegravir had baseline HIV-1 RNA .100,000 copies per milliliter (3 had .500,000 copies per milliliter), and all 6 had baseline CD4 + T-cell counts ,200/ mm 3 (2 had ,50/mm 3 ). Self-reported treatment adherence was high in all 6 of these participants (95%-100% in the QD group; 91%-100% in the BID group).
Safety
Rates of clinical adverse events were similar between the treatment groups at week 96 and showed minimal change from week 48 to week 96 in both the treatment groups (Table 3) .
Clinical adverse events led to treatment discontinuation by week 96 in 0.9% of raltegravir QD recipients and 2.3% of raltegravir BID recipients. Only 1 participant (who was in the QD group) discontinued because of a clinical adverse event (facial bone fracture) after week 48; this event was serious and not related to study therapy. No deaths or drug-related serious adverse events occurred after week 48. One participant in the QD group had an adverse event (autoimmune hepatitis) after week 48, which was considered by the investigator to be associated with immune reconstitution inflammatory syndrome; this event was also considered to be related to study therapy. The frequencies of other drug-related adverse events in the QD group were unchanged between week 48 and week 96.
Drug-related nervous system adverse events occurred in 37 (7.0%) of raltegravir QD recipients and 26 (9.8%) of raltegravir BID recipients. Specific drug-related nervous system adverse events with .2% incidence were dizziness (2.3% vs 3.4%) and headache (3.0% vs 4.9%). Drug-related psychiatric adverse events occurred in 21 (4.0%) of the QD group and 12 (4.5%) of the BID group; specific drug-related psychiatric AEs occurred in less than 2% of the participants in each treatment group. Laboratory abnormalities above grade 1 by the Division of AIDS criteria were uncommon and occurred at similar rates in the raltegravir QD and BID groups ( Table 4 ) with 1 exception: grade 2 elevations of alanine aminotransferase (ALT) occurred in 4.2% of the QD group vs 1.5% of the BID group; however, these elevations were generally transient, not associated with clinical adverse events, and not considered clinically significant by the investigators.
Grade 3 or 4 ALT elevations occurred in 12 (2.3%) participants in the QD group and 2 (0.8%) in the BID group by week 96; about half of these events (5 and 1, respectively) occurred after week 48. Most of these events were related to concurrent conditions (hepatitis in 8 participants, hepatocellular injury in 1, hepatic steatosis in 1, and isoniazid treatment in 1). The 3 cases with no obvious etiology resolved on study therapy. Grade 3 or 4 elevations in creatine phosphokinase (CPK) occurred in 35 (6.6%) QD recipients and 12 (4.5%) BID recipients by week 96; of these, 19 and 1, respectively, occurred after week 48. These changes were transient and resolved on therapy in most cases (33 and 11, respectively). Grade 3 or 4 lipase elevations occurred in 17 (3.2%) of the QD group and 4 (1.6%) of the BID group by week 96; of these, 4 and 3, respectively, occurred after week 48. Lipase elevations were not associated with clinical symptoms with the exception of 1 QD recipient who experienced moderate pancreatitis that resolved while continuing study therapy.
Two participants (both in the QD group) discontinued therapy because of laboratory changes: increased ALT and aspartate aminotransferase (AST) (grade 3 and 1, respectively) in 1 and increased CPK (grade 4) in the other; both events occurred before week 48. None of the laboratory events that occurred after week 48 led to treatment discontinuation in either treatment group.
Two participants met the criteria for potential druginduced liver injury (AST or ALT $3xULN [upper limit of the normal range] with bilirubin $2xULN and alkaline phosphatase ,2xULN): 1 in the QD group before week 48 and 1 in the BID group after week 48. In both cases, there were alternative explanations for the laboratory findings (hepatitis B virus flare and acute hepatitis C virus, respectively).
Among participants with hepatitis coinfection, no drugrelated adverse events, serious adverse events, or discontinuations because of adverse events were reported after week 48 in either treatment group. Two of the 15 coinfected participants in the raltegravir QD group had laboratory adverse events after week 48 (grade 4 elevations of lipase and creatine kinase, respectively), but neither event was considered drug-related. No new reports of AST or ALT elevations above grade 2 occurred after week 48 among coinfected participants in either treatment group.
DISCUSSION
The final 96-week results of this pivotal phase 3 trial in treatment-naive adults with HIV-1 infection demonstrate the durable and noninferior efficacy of raltegravir 1200 mg QD compared with raltegravir 400 mg BID, each in combination with FTC/TDF. The noninferior efficacy and favorable safety profile of raltegravir 1200 mg QD were first demonstrated at week 48 and have been previously reported. 10 At week 96, the efficacy of raltegravir 1200 mg QD was again shown to be noninferior to that of raltegravir 400 mg BID, as assessed by the proportion of participants with HIV-1 RNA ,40 copies per milliliter. Similar results were observed for the supportive virologic endpoint of HIV-1 RNA ,50 copies per milliliter, and both treatment groups continued to show substantial increases in CD4 + T-cell counts (over 260 cells/mm 3 ) through week 96. In addition, raltegravir 1200 mg QD showed comparable efficacy to raltegravir 400 mg BID across all subgroups examined, including those with high baseline viral load. Overall, the efficacy of raltegravir 1200 mg QD in this study is comparable to that of dolutegravir and elvitegravir reported at 96 weeks. [13] [14] [15] [16] [17] [18] PDVF was used to identify participants for drug resistance testing. At week 96, the frequency of PDVF was low and similar between the raltegravir QD and BID groups (9.6% and 9.8%, respectively). The rate of viral drug resistance also remained low, with only 3 additional reports after week 48: 1 in the QD group and 2 in the BID group. By week 96, 0.8% of each group developed resistance to INSTI and resistance to NRTI. Development of resistance was associated with high baseline viral load and low CD4 + Tcell count in 5 of the 6 cases, but did not seem to be related to poor treatment adherence. In previous studies of raltegravir 400 mg BID in treatment-naive adults, rates of resistance to INSTI ranged from 1% to 2% at 96 weeks of follow-up. 19, 20 The specific integrase mutations observed in this study were consistent with those found in the Phase 3 studies of raltegravir BID in treatment-naive and treatmentexperienced adults. [20] [21] [22] Resistance testing was possible in only a small subset of participants with PDVF; additional resistance may have been selected in participants with confirmed viremia but could not be detected because the HIV-1 RNA was below the assay threshold of 500 copies per milliliter.
The favorable safety profile of raltegravir 400 mg BID was established in clinical trials [1] [2] [3] [4] and confirmed by postmarketing experience. [23] [24] [25] At week 96 of the ONCEMRK trial, the QD and BID regimens continued to demonstrate favorable safety and tolerability profiles with small increases in the rates of drug-related adverse events after week 48 (1.5% and 1.1%, respectively), no serious drug-related adverse events after week 48, and only 1 discontinuation because of an adverse event after week 48. The raltegravir 1200 mg QD regimen continued to be well tolerated in participants with chronic hepatitis (B or C) coinfection, an important subpopulation among those with HIV-1 infection.
Treatment-emergent laboratory abnormalities were generally similar for raltegravir 1200 mg QD and raltegravir 400 mg BID. The incidence of grade 3 or 4 elevations in ALT in the QD group (2.2%) was higher than that in the BID group (0.8%) but was similar to rates reported in previous clinical trials of raltegravir 400 mg BID: 1.8% in STARTMRK, 20 3.4% in QDMRK, 26 3% in NEAT001, 27 and 2% in SPRING-2. 15 Similarly, the incidence of grade 3 or 4 elevations in AST in the QD group (2.1%) was higher than that in the BID group (0.4%) but was similar to previously reported rates for raltegravir 400 mg BID in STARTMRK (3.2%) 20 and QDMRK (3.4%). 26 The incidence of grade 3 or 4 CPK elevations (6.6% in the QD group and 4.5% in the BID group) was similar to previously reported rates for raltegravir 400 mg BID in QDMRK (5.4%) 26 and NEAT001 (6%). 27 The transient nature of the elevations in cases without alternative etiologies (such as viral hepatitis or hepatotoxic concomitant therapies), the small differences between treatment groups, and the finding that most resolved without discontinuation of study therapy suggest that these laboratory changes do not raise new safety concerns for raltegravir QD.
Because the ONCEMRK trial was double-blind, all participants were required to take multiple pills BID; therefore, the potential for improved adherence with the QD regimen could not be evaluated in this trial. The global distribution of the study sites and the racial diversity of the study population support the generalizability of the study results; however, some groups (women, older patients, and those with hepatitis coinfection) were underrepresented. Raltegravir 400 mg BID has shown favorable efficacy and safety in women, [28] [29] [30] hepatitis C coinfection, 31 and older patients 25 ; additional experience with raltegravir 1200 mg QD in these populations will help define further the safety and efficacy profile of the new formulation. The conclusions that can be drawn from the subgroup analyses are limited for several reasons: some of the subgroups were small, no adjustment was made for multiple comparisons, and the study was not powered to detect statistically significant effects within these subgroups. 32 Nevertheless, no apparent trends for differences in efficacy within subpopulations were noted in this study.
In summary, the week 96 results of the ONCEMRK trial show that the efficacy of raltegravir 1200 mg QD, previously demonstrated at week 48, was maintained through week 96 and was similar to the efficacy of raltegravir 400 mg BID. Development of resistance to raltegravir remained low (0.8%) in both treatment groups at week 96. In addition, the overall safety profile of raltegravir 1200 mg QD continues to be consistent with the well-established safety profile of raltegravir 400 mg BID.
